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[57] ABSTRACT

I-amino acids present in cleavage solutions obtained in
the acylase-catalyzed cleavage of N-acetyl-D,L-amino
acids are isolated by use of a strongly acidic ion ex-
changer in H+4 form. First, the mother liquor from a
previous treatment cycle is fed to the ion exchanger,
and then the cleavage solution and finally the wash
water and the discharge from the ion exchanger which
is pH-controlled is analyzed into an ‘‘effluent water
fraction”, an “N-acetyl-D-amino acid fraction” and an
“L-amino acid fraction”. The last fraction is adjusted by
addition of fresh cleavage solution to a pH of between
4.0 and 6.0, and from the mixture which is thus obtained
the L-amino acid is isolated by crystallization. The
mother liquor which is obtained is recycled back into a
subsequent treatment cycle.

6 Claims, No Drawings
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PROCESS FOR THE ISOLATION OF L-AMINO
. ACIDS -

INTRODUCTION AND BACKGROUND

The present invention relates to a process for the
isolation of L-amino acids from the cleavage solution
produced as a result of the acylase-catalyzed cleavage
reaction of N-acetyl-D,L-amino acids using a strongly
acidic ion exchanger in the H4 form.

The essential principle of the acylase-catalyzed cleav-
age reaction of N-acetyl-D,L-amino acids into L-amino
acid, acetic acid and N-acetyl-D-amino acid are known
in the art. The cleavage reaction is traditionally under-
taken in a solution of the N-acetyl-D,L-amino acid
which is between a 0.4 and a 1.0 molar solution and at a
pH of between 6 and 8. The N-acetyl-D,L-amino acid is

customarily used in the form of the sodium or potassium

salt. .
It is also known in the art to isolate the L.-amino acid
from the cleavage solution by evaporation and final
cooling down to crystalline form. The drawback of this

~ direct treatment of the crude cleavage solution resides

in the fact that sodium or potassium acetate salts are aiso
precipitated, together with the L-amino acid, and this
contaminates the L-amino acid.

Following the separation of the crystallized L-amino
acid, the mother liquor remaining is processed by com-
mercially known effluent technology processes for re-
covery of N-acetyl-D,L-amino acid. With the direct
processing of the crude cleavage solution, the mother
liquor also contains among other things considerable
quantities of the L.-amino acid. If this mother liquor is to
be processed into N-acetyl-D,L-amino acid, as a first
step, the L-amino acid which is contained therein must
be newly acetylated, because otherwise peptides are
formed during the re-racemization of the N-acetyl-D-
amino acid. This means that the L-amino acid which has
been released by acylase must be subjected again, after
acetylization and re-racemization, to another acylase-
catalyzed cleavage. Thus, the necessary quantity of
acylase 1s increased and an additional product loss oc-
curs with the re-racemization. |

Finally, it 1s also known to isolate the L-amino acid
which is contained in the crude cleavage solution with
use of a strongly acidic ion exchanger in the H+ form.
In that process, a sufficient quantity of cleavage solu-
tion is fed to the ion exchanger so that the ion exchange
material i1s loaded up to 80 to 85% of its capacity with
alkali metal ions and L-amino acid molecules. Follow-

ing washing out with water, the L-amino acid is eluted

from the ion exchanger with an aqueous ammonia solu-
tion. As a result of the evaporation and subsequent
cooling down, the L-amino acid is obtained from the
eluate in crystalline form. If an approximately 3N am-
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monia solution is used for the elution, alkali metal ions

are also partially obtained in the eluate and these ions
lead to an increased ash content in the crystallized L-
amino acid product. This drawback can now actually be
overcome to a great extent by use of a diluted ammomnia

solution, for instance an 0.4 or 0.5N solution. Then,

however, a very diluted eluate is obtained, which re-
quires an extended evaporation time, which then again

65

leads to increased by-product formation and/or racemi-
zation of the L-amino acid. Another drawback of this

known process resides in that the ion exchanger can

)
only be used up to approximately 45 to 50% of its ca-
pacity for the bonding of alkali metal 10mns.

SUMMARY OF THE INVENTION

In accordance with the process of the present inven-
tion, a process for the isolation of L-amino acids is car-

‘ried out using the cleavage solution produced as a result

of the acylase-catalyzed cleavage reaction of N-acetyl-
D,L-amino acids using a strongly acidic ion exchanger
in the H4 form. The ion exchanger is operated at a
temperature of between 30° and 90° C., and a selected
sequence of process steps 1s followed: In the first step in
the sequence, the mother liquor from a previous isola-
tion treatment cycle is fed onto the ion exchanger, fol-
lowed by the cleavage solution and finally the wash
water. The discharge liquid from the ion exchanger is
pH-controlled, is analyzed and diverted in three frac-
tions, of which the first fraction extends from the begin-
ning of the treatment process until a pH of 2.0 1s
reached, the second fraction extends from an initial pH
2.0 until after a pH of 2.0 is again reached following a

~drop in pH to less than 2 after which it again rises to 2;

and the third fraction of which extends from the end of
the second fraction cleavage until the discharge run off
reaches a pH of 5.0. The third fraction as described 1s
combined with the discharge being obtained during the
feed of the wash water. This mixture is then adjusted by
addition of fresh cleavage solution to a pH of between
4.0 and 6.0. The L-amino acid contained therein is iso-
lated from the adjusted mixture in a known manner, and
that the mother liquor thereby obtained is recycled into
a subsequent isolation treatment cycle.

DETAILED DESCRIPTION OF THE
INVENTION

The process according to the present invention is

especially suitable for the treatment of the cleavage

solutions obtained from N-acetyl-D,L-methionine, N-
acetyl-D,L-valine and N-acetyl-D,L-phenylalanine.

Ion exchangers suitable for purposes of the invention
are for instance the commercially available products
based on products made up of divinyl benzene cross-
linked sulfonated polystyrene. |

The ion exchanger is preferably operated at a temper-
ature of between 60° and 80° C.

As an initial step in the reaction sequence of the pres-
ent invention, first the mother liquor obtained from the
L-amino acid crystallization of a previous isolation
treatment cycle, and then the fresh cleavage solution,
which has a pH of between 6.0 and 8.0, are fed to the ion
exchanger. Both solutions are preferably preheated to
the desired temperature. When the process of the inven-
tion is carried out for the very first time and no mother
liquor is yet present from a previous isolation treatment
cycle, then the process is begun with fresh cleavage
solution. | |
- The discharge from the ion exchanger is begun as a
first fraction (“effluent water fraction”) and continued
until the pH of the discharge decreases to 2.0. This

fraction is discarded. Then, the recipient vessel is

switched and the subsequent discharge is begun as a
second fraction (“acetyl fraction”) until the pH of the
discharge, after it first drops still further, rises again to
2.0. This fraction, with a pH lower than 2.0, contains
mainly the free N-acetyl-D-amino acid and acetic acid
and is therefore fed to the re-racemization.

The recipient vessel is switched again and the subse-
quent discharge is begun as the third fraction (“L-amino
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acid fraction”). During the feed of the mother liquor
and the cleavage solution, the ion exchanger is charged
with alkali metal ions and L-amino acid molecules.

As a result of the different degrees of basicity of the
alkali metal ions and the L-amino acid molecules, the °
alkali metal ions are more strongly bonded to the ion
exchanger than the L-amino acid molecules. Subse-
quently arriving alkali metal ions therefore penetrate 1n
the feed area of the ion exchanger into already bonded
L.-amino acid molecules in the direction of the dis-
charge area, where they are bonded again. In the ion
exchange columns then, after some time in the feed area,
only alkali metal ions are still bonded, and in the dis-
charge area only L-amino acid molecules are still
bonded. With the feed of additional cleavage solution,
then, the L-amino acid molecules which were bonded in
the ion exchange columns are also forced into the dis-
charge, which also contains other remaining N-acetyi-
D-amino acid and acetic acid. The feed of cleavage
solution is then terminated when the pH in the dis-
charge has risen to 3.0.

The ion exchanger is now washed and rinsed with
water until all dissolved materials hae been removed
from the discharge. If desired, the wash water is like- 45
wise preheated to the desired operational temperature
of the ion exchanger. The discharge being obtained
with the washing or rinsing is combined with the “L-
amino acid fraction”.

The 1on exchanger is now practically completely 30
charged with alkali metal ions. Maximum utilization of
its capacity is thus attained. It can be regenerated in a
known manner with a diluted acid, for instance with
aqueous sulfuric acid. L-amino acid can no longer be
detected in the run off of the regeneration.

The mixture made up of the “L-amino acid fraction”
and the discharge occurring with washing and rinsing
of the ion exchanger has a pH of between 2.5 and 3.5. If
this mixture is then directly evaporated and cooled, for
the purpose of crystallization, then the resulting L-
amino acid obtained thereby is strongly contaminated
with N-acetyl-D-amino acid. It is therefore first re-
placed with a sufficient quantity of fresh cleavage solu-
tion so that a pH of between 4.0 and 6.0, preferably of
between 4.5 and 5.5 is obtained. Then, this solution is
placed under decreased pressure and evaporated from
approximately 20% to approximately 50% of the origi-
nal volume and is cooled down for the purpose of crys-
tallization, and an L-amino acid is obtained which is
nearly free of N-acetyl-D-amino acid and has a specifi-
cally calculated ash proportion and specific degree of
rotation.

The 1solation yield of L-amino acid generally lies in
the range of between 40 and 80% of the total of L-
amino acid which is used, including that in the form of
mother liquor and that in the form of fresh cleavage
solution. If the mother liquor remaining with the L-
amino acid crystallization were to be returned into the
re-racemization and then to renewed racematization
cleavage, then this would give rise to unavoidable pro-
duction losses. However, since the mother liquor is
carried back from recycle into a subsequent treatment
cycle, no product losses occur, but rather the vield of
1solation of L-amino acid is enhanced by the continuous 65
return and reuse of over 95% of the mother liquor.

The invention is further described by the following
examples:
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EXAMPLE 1

This example illustrates carrying out the process ac-
cording to the invention, when there is not yet any
mother liquor present from a previous treatment cycle,
using a cleavage solution of N-acetyl-D,L-methionine:

An ion exchanger column was used, filled with 1.5
liters of a strongly acidic ion exchanger (Duolite C
26 ®) in the H+ form, which was preheated to 70° C.
by means of hot water.

A cleavage solution of the following composition
was treated:

38.5 g/1 L-methionine
66.3 g/1 N-acetyl-D-methionine and
14 g/1 sodium ions.

This cleavage solution was placed in the prepared ion
exchanger at a temperature of 70° C. and at a flow
velocity of 3.5 1/hour, until the pH had dropped to 2.0
in the discharge. Then the recipient vessel was changed
and the first discharge fraction (“effluent water frac-
tion”) which was obtained in a quantity of 1.2 liters was
discarded.

With further feeding of the cleavage solution, the pH
in the discharge dropped below 2.0 and then rose again.
When the pH reached 2.0 once again, the recipient
vessel was changed again. The second discharge frac-
tion (“acetyl fraction’) which was obtained in a quan-
tity of 2.0 liters can be fed into the re-racemization.

With further feeding of the cleavage solution, the pH
in the discharge again rose and the feeding was contin-
ued until a pH of 5.0 was attained. This occurred after
the feeding of a total of 4.8 liters of cleavage solution.
Then the 10n exchanger was washed out with 2.0 liters
of water at 70° C. Included in the washing water, a third
discharge fraction (“L-methionine fraction”) was ob-
tained in quantity of 3.6 liters and of the following com-
position: |
50 g/1 L-methionine,

51 g/1 N-acetyl-D-methionine and
7.7 g/1 sodium 10ns.

This “L-methionine fraction” was then mixed thor-
oughly with 3.0 liters of fresh cleavage solution of the
aforementioned composition. The mixture with a pH of
3.0 was evaporated at reduced pressure at a temperature
of 70° C., until L-methionine began to be precipitated.
Then, the suspension was heated to 80° C. and an acti-
vated charcoal settling and clarification was ‘carried
out.

The clear filtrate was cooled down to 20° C. within 7
hours. The L-methionine which was crystallized out
was filtered and dried.

Yield: 135 grams (=45% of the total L.-methionine
contained in the cleavage solution which was used).

Results of analysis:

Percentage/proportion: 99.7%
Ash Percentage/proportion: 0.02%
Transmission: 98.5%

[alp?®® = +25.5°

The remaining mother liquor had the following com-
position:
46 g/1 L-methionine,
98 g/1 N-acetyl-D-methionine and
20 g/1 sodium ions.

The mother liquor is fed to the subsequently follow-
Ing treatment cycle.
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The ion exchanger column was charged from above
with 3 liters of an 8% by weight sulfuric acid solution,
was back-purged, and washed sulfate-free with water. It
- is then prepared for reuse.

EXAMPLE 2

This example shows a complete treatment cycle by
the process according to the invention with use of the
mother liquor which was obtained from Example 1.

The ion exchanger column and the cleavage solution
of Example 1 were used and the procedure was again
carried out at the temperatures of Example 1.

To begin with, 3 liters of mother liquor heated to 70°
- C. were removed from Example 1 and placed in the ion

10

exchanger, along with 1.3 liters of cleavage solution 15

heated to 70° C,, and it was post-washed with 2.2 liters
of water at 70° C. The changing of the recipient vessel
was undertaken in this case when the pH level indicated
in Example 1 was reached. The following fractions

were obtained: . 20
1. 700 ml of “effluent water fraction”

2. 2.1 liters of *“acetyl fraction”

3. 3.7 liters of “L-methionine fraction” w1th

50 g/1 L-methionine and

55 g/1 N-acetyl-D-methionine, and 25

9.5 g/1 sodium ions.

The “L-methionine fraction” was processed as in
Example 1. The L-methionine yield was 118 grams
(=40%).

30
Results of analysis: |
Percentage content: 99.8%
Ash Percentage: 0.02%
‘Transmission: 98% 15

[a]p? = +24.1°

In relation to the total volume of cleavage solution
used in Examples 1 and 2, the isolation yield was 54%
L-methionine. With reference to the L-methionine 40
which is found in the mother liquor of Example 2, and
which can be isolated in the subsequent processing cy-
cles, the total yield of crystallized L.-methionine is 95%.

EXAMPLE 3

An ion exchanger column filled with 30 liters of a
strongly acidic ion exchanger (Duolite C 26 ®) in the
H+4 form, which was preheated to 70° C. by means of
hot water.

63 liters of mother liquor from a previous L-methio- 50
nine crystallization, heated to 70° C., was fed to the ion
exchanger with a flow velocity of 70 liters/hour, and
with the following composition
36.8 g/1 L-methionine,

110.5 g/1 N-acetyl-D-methlomne and
19.8 g/1 sodium ions, |
including 21 liters of cleavage solution heated to 70° C.,
with
37.0 g/1 L-methionine
67.4 g/1 N-acetyl D-methionine and
- 14.6 g/1 sodium ions
and the mixture was post-washed with 4-0 liters of water
warmed to 70° C.
The recipient vessel was changed once again when
the pH levels were reached as indicated in Example 1. 65
- The following fractions were obtained:
1. 19 liters of “effluent water fraction”
2. 42 liters of “acetyl fraction” -
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3. 63 liters of “L-methionine fraction” with

47.7 g/1 L-methionine

60.2 g/1 N-acetyl-D-methionine and

7.5 g/1 sodium 1ons. |

The processing of the “L-methionine fraction” oc-
curred as in Example 1 with addition of 57 liters of fresh
cleavage solution of the same composition as above.

Results of analysis:

Percentage content: 99.8%

Ash Percentage/content: 0.05%

Transmission: 98%
[a]p?? = +24.3°
EXAMPLE 4

The ion exchanger column of Example 3 was used
and mother liquor, cleavage solution and water for the:
post-washing were all used again, preheated to 70° C.

First of all, 74 liters of mother liquor from a previous
L-methionine crystallization and with the following
composition were fed to the ion exchanger.

41.8 g/1 L-methionine
119.8 g/1 N-acetyl-D-methionine and

20.8 g/1 sodium ions.

and then 10 liters of cleavage solution, with
35.7 g/1 L-methionine
70.0 g/1 N-acetyl-D-methionine and

14.2 g/1 sodium ions
and it was post-washed with 40 liters of water.

The recipient vessel was changed in this case when
the pH value was reached as indicated in Example 1.
1. 14 liters of “effluent water fraction”

2. 47 liters of “acetyl fraction”
3. 63 liters of “L-methionine fraction” w1th

54.3 g/1 L-methionine

70.0 g/1 N-_-acetyl-D-methionine and

7.0 g/1 sodium 1ons.

The processing of the “L-methionine fraction” oc-
curred as in Example 1 with addition of 78.5 liters of
fresh cleavage solution of the composition described
above.

The L-methlomne yleld was 2501 grams (40% of
theory).

Results of analysis:

98.5%

Percentage/content:
Ash Percentage/content: 0.3%
97.5%

Transmission:
| [a]p?? = +24.1°

EXAMPLE 5

~ An ion exchanger column was used, filled with 940
mli of a strongly acidic ion exchanger (Duolite C 26 (R))
in the H4 form, which was preheated to 70° C. by
means of hot water.

First of all, 990 ml of the mother liquor from a previ-
ous L-valine crystallization were fed to this column,
with the following composition:

24.2 g/1 L-valine
191 g/1 N-acetyl-D-valine and
7.8 g/1 sodium ions,
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which was heated to 70° C., and it included 100 ml
cleavage solution heated to 70° C., with
31.8 g/1 L-valine
51.6 g/1 N-acetyl-D-valine and
13.8 g/1 sodium ions 5
and it was post-washed with 300 ml volume of water at
70° C. The change of the recipient vessel was under-
taken in this case when the pH value indicated in Exam-
ple 1 was attained. The following fractions were ob-
tained.
1. 650 ml of “effluent water fraction”
2. 840 ml of *““acetyl fraction”
3. 900 mi “L-valine fraction” with

30 g/1 L-valine

61 g/1 N-acetyl-D-valine and

3.1 g/1 sodium 10ns.

The processing of the “L-valine fraction” occurred
similarly as in Example 1 with addition of 1.8 liters of
fresh cleavage solution of the composition described
above. The yield of L-valine was 97 grams with a per- 20
centage/content of greater than 99%. This corresponds
to an isolation yield of 83%.

10

15

Results of analysis:

25

0.0%
95.7%

Ash Percentage/content
Transmission:

[a]p?® +28.1°

Further variations and modifications of the foregoing 3g
will be apparent to those skilled in the art from a read-
ing thereof and are intended to be encompassed by the
claims appended hereto.

The German priority application No. P 37 02
689.5-42 is relied on and incorporated herein by refer-
ence.

We claim:

1. A process for the isolation of L-amino acids from
the cleavage solutions obtained in the acylase-catalyzed
cleavage of N-acetyl-D,L-amino acids in the presence
of a strongly acidic ion exchanger in the H4+ form,
comprising: charging an ion exchanger column main-
tained at a temperature of between 30° and 90° C., with
cleavage solution obtained from the cleavage of N-acet-
yl-D,L-amino acids, contacting said 1on exchanger with
wash water,

separating the discharge from the ion exchanger

under pH control into three fractions, of which the
first fraction extends from the beginning of the
treatment process until the pH of 2.0 is reached,
and of which the second fraction extends from pH
2.0 until the pH after falling below 2 rises back to
2.0 again, and of which the third fraction extends
from the point terminating the second fraction
during the feed of the cleavage solution until a pH
of 5.0 1s reached,

combining said third fraction with the discharge

being obtained during the feed of the wash water
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and adding thereto fresh cleavage solution to ad-
just the pH of the mixture of between 4.0 to 6.0,

isolating the L-amino acid from the said adjusted
mixture by crystallization, and recycling the
mother liquor which is thus obtained back into a
subsequent treatment cycle.

2. The process according to claim 1 wherein the ion
exchanger is operated at a temperature of between 60°
and 80° C.

3. A process according to claim 1 wherein the mix-
ture of the third fraction with the discharge being ob-
tained during the feed of the wash water by addition of
fresh cleavage solution is set at a pH of between 4.5 and
5.3.

4. A process for the isolation of L-amino acids from
the cleavage solutions accumulating during the acylase-
catalyzed cleavage of N-acetyl-D,L-amino acids in the

- presence of a strongly acidic ion exchanger in the H+

form, comprising:
carrying out an ion exchange at a temperature of
between 30° and 90° C.,, in a {irst step by contacting
mother liquor having been obtained from a previ-
ous treatment cycle with said 1on exchanger,

in a second step contacting said ion exchanger with

cleavage solution obtained in said cleavage of N-
acetyl-D,L-amino acids, and

in a third step contacting said ion exchanger with

washing water,
separating the discharge from the ion exchanger
under pH control into three fractions, of which the
first fraction extends from the beginning of the
reaction until the pH of 2.0 is reached, and of
which the second fraction extends from pH 2.0
until the pH after falling below 2 then rises to 2.0
again, and of which the third fraction extends from
the point terminating the second fraction during
the feed of the cleavage solution until a pH of 5.0 1s
reached,
combining said adjusted third fraction with the dis-
charge being obtained during the feed of the wash
water and adding thereto fresh cleavage solution to
adjust the pH of the mixture to a value between 4.0
to 6.0,

isolating the L-amino acid from the said mixture by
crystallization, and recycling the mother liquor
which is thus obtained back into a subsequent treat-
ment cycle.

5. The process according to claim 4 wherein the.ion
exchanger is operated at a temperature of between 60°
and 80° C.

6. A process according to claim 4 wherein the mix-
ture of the third fraction with the discharge being ob-
tained during the feed of the wash water by addition of

fresh cleavage solution is set at a pH of between 4.5 and
5.5.
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